The Design of Nonlinear State Observer and its Application in Power Plant  by Hou, Guolian et al.
 Energy Procedia  61 ( 2014 )  787 – 790 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.11.965 
The 6th International Conference on Applied Energy – ICAE2014 
The Design of Nonlinear State Observer and its Application 
in Power Plant 
Guolian Hou*, Rong Huang, Xu Bai, Jianhua Zhang 
School of control and Computer Engineering, North China Electric Power University, Beijing, 102206, China 
Abstract 
As an important industrial process, power plant unit has features of nonlinearity, high-order large inertia 
and delay. Firstly, to overcome the unsatisfactory nature of the system, a nonlinear state observer is 
constructed based on Luenberger observer structure principle in this paper. Luenberger observer estimates 
system states accurately. Secondly, linear matrix inequality (LMI) approach based on Lyapunov stability 
theory can be employed to select the observer gain matrix, which eliminates the blindness of selecting the 
gain matrix. Finally, the proposed observer design method is illustrated on a power plant model. The 
simulation results demonstrate the feasibility and superiority of nonlinear state observer. 
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Nomenclature 
P  Drum pressure             MPa                                        
1
u  Fuel flow valve position 
N  Output power              MW                                        
2
u  Steam control valve position 
H  Drum water level          m                                          
3
u  Feed water valve position 
f
U  Fluid density               3kg m                                     
cs
D  Steam quality                     
1. Introduction 
In many industrial processes, especially power plant, systems have features of nonlinearity, high-order 
large inertia and delay at some extent. These features may make it hard to obtain perfect control effect. 
Taking this practical engineering problem as a research background, observer design is one of the most 
important research subjects. In spite of the complexity of nonlinear systems, corresponding theoretical 
achievements in recent years have greatly promoted the development of nonlinear observer design. In [1], 
Venkatraman proposed a passivity-based full observer design framework for a class of port-Hamiltonian 
systems and demonstrated the observer design on the magnetic levitation system, but its drawback was 
that in some situations the port-Hamiltonian output may not be measured accurately. In [2], Backi 
presented a locally asymptotically stable nonlinear observer for a Greitzer compressor model. Compared 
with an Extended Kalman Filter, nonlinear observer in [2] showed better convergence properties. 
Nevertheless, the design method of nonlinear observer in [2] was restricted to circle criterion. In [3], a 
constrained optimal observer for nonlinear systems was proposed using Hamilton-Jacobi-Bellman 
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equation. However, it was not easy to select suitable basis function of neural network. In [4], a nonlinear 
observer was designed with a state-dependent gain that was computed from the solution of singular partial 
differential equations, and yet large amount of calculation was its shortcoming. 
All the above methods were applied to different industrial models. Since power plant unit also has 
those nonlinear features, a nonlinear state observer is designed for power plant unit in this paper. The 
nonlinear state observer is constructed based on Luenberger observer structure principle in order to 
overcome the unsatisfactory nature and estimate states accurately. Then linear matrix inequality (LMI) 
approach based on Lyapunov stability theory can be employed to select the observer gain matrix, which 
eliminates the blindness of selecting the gain matrix. At last, the proposed observer design method is 
illustrated on a power plant model. 
2. Nonlinear state observer design 
The essence of state observer is to construct a new system with the same attributes as original system. 
In this section, a nonlinear state observer based on Luenberger observer structure principle is proposed. 
Consider the following nonlinear system 
1 1
2 2
( ) ( , )
( ) ( , )
x Ax g u u x
y Cx g u u x
   )
   )
­®¯                                                                          (1) 
where nx R  is state variable, n nA R u , q nC R u  are real constant matrices, pu R  is control input, 
qy R  is the measured output, 
1
: p n nR R R R) u u o , 
2
: p nR R R) u o  are nonlinear mappings, The 
nonlinear function 
1
( , )u x)  is assumed to be Lipschitz in x with Lipschitz constant J . 
1 1
ˆ ˆ( , ) ( , )u x u x x xJ) ) d                                                                    (2) 
Step1: First of all, make sure that original system is observable or unobservable section is 
asymptotically stable. Then copy a system the same as original system. Take measurable output and input 
signals of original system as observer inputs, which can make sure that observer states are asymptotically 
equal to original system states.  
Step2: Take the diffierence between original system output and replication system output as modified 
variable. By gain matrix L , adding the modified variable to replication system integrator input can form a 
closed-loop system. LMI approach based on Lyapunov stability theory can be employed to select a 
suitable gain matrix L . The specific method is as follows. 
For system (1), with matrix pair ( , )A C  observable and 
1
( , )u x)  in x  with Lipschitz constant J . 
Suppose W RL , if there exists positive definite symmetric solutions R and W such that, 
                                                              
11 12
21 22
0
0
S S
S S
R


ª º« »¬ ¼                                                                                (3) 
where,
11
T T TS A R RA C W WC I     ,
12 21
TS S R R   ,
22
21S IJ  , 
then choose the gain matrix as equation (4) 
                                                               
1L R W                                                                                       (4) 
Step3: The state observer will be assumed to be as the following form 
1 1
ˆ ˆ ˆ ˆ( , ) ( ) ( )x Ax u x g u L y y )                                                                  (5) 
The estimation error is given 
> @1 1 ˆ( ) ( , ) ( , )x A LC x u x u x   ) )                                                              (6) 
where x  is state error, ˆx x x  . 
Fig.1 shows the structure of Luenberger nonlinear observer. The dot-dash line box portion is original 
system. The dashed line box portion is Luenberger observer. 
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Fig.1 structure of Luenberger nonlinear observer 
3. Simulation studies
 
 
In this section, the proposed observer is illustrated on Bell-Åström Model[5]. Bell-Åström Model is a 
classical nonlinear MIMO model. It is expressed as follows. 
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                                                       (7) 
The outputs to the system are P , N  and H . H is expressed by equation (8). 
               2 1 3
0.05[0.13073 100 [(0.854 0.147) 45.59 2.514 2.096] 9 67.975]f csH u P u uU D                           (8) 
where,
100(1 0.001538 )(0.8 25.6)
(1.0394 0.0012304 )
f
cs
f
P
P
UD U
   . 
Firstly, the above model can be converted into the form of system (1). The item 
1
( , )u x)  can be proved 
to satisfy inequation (2) and the value of the Lipschitz constant for system is 0.221. Secondly, solve LMI 
(3), and then obtain a gain matrix L  which can also ensure asymptotic stability of observer (5) for the 
system. At last, we construct simulation model in Matlab/Simulink.  
According to data in [5], let
0
[75.6 15.27 299.6]Tx  , 
0
[0.156 0.483 0.183]Tu  . Give step signals to 
inputs, response curves of observer output variables are shown in Fig.2 (a). It is obvious to find that the 
observer outputs remain stable. Fig.2 (b) is drum water level error curve between original system and 
observer output. Fig.2 (b) shows observer output almost equals to output of the original system. In Fig.2, 
the black dashed line is drum pressure, the red dash-dotted line is power output, the blue solid line is 
drum water level. Since units of three curves as shown in Fig.2 (a) are different, there is no unit on y-axis. 
In Fig.2 (b) and Fig.3, there are also no units on y-axises in the reason that the error curves represent 
relative errors between original system and observer variables. 
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Fig.2 (a) responses of model outputs        (b) drum water level error 
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Fig.3 (a) drum pressure error        (b) output power error 
Fig.3 is estimation error curves of state variables. They are relative errors of original system and 
observer states. Fig.3 shows that observer states can rapidly track states of the original system. In addition, 
estimation errors fluctuate near zero and the changing trend of the outputs response demonstrates that the 
observer system is also asymptotically stable. 
4. Conclusion and future work 
In this paper, we have proposed a nonlinear observer for Bell-Åström Model. In addition, LMI 
approach based on Lyapunov stability theory has been applied to select the observer gain matrix, which 
eliminates the blindness of selecting the gain matrix. In the end, the simulation results show that the 
observer can track the system states and outputs well and yet the disadvantage is that tracking is a bit long. 
With power grid demanding higher to adapt to the performance of unit load, the further study in the 
nonlinear observer design for turbine-boiler unit coordinated control system is very meaningful which 
will improve the operation performance of the large power unit. 
Acknowledgements 
This work is partially supported by the National Basic Research Program of China under Grant (973 
Program 2011 CB710706) and the Scientific Research and Graduate Training Project (GJ2013010). 
References 
[1]A. Venkatraman and A. J. Van der Schaft, Full-order observer design for a class of port-Hamiltonian systems. Automatica, 
Mar. 2010, Vol. 46, No.3, 555-561. 
[2]C. J. Backi, J. T. Gravdahl and E. I. Grotli. Nonlinear observer design for a Greiter compressor model. The 21st 
Mediterranean Conference on Control & Automation (MED), Chania, Crete, June, 2013, 1457-1463. 
[3] M. Adhyaru. State observer design for nonlinear systems using neural network. Applied Soft Computing 12(March (28)), 
2012, 2530-2537. 
[4]C. Kravaris, V. Sotiropoulos et al. Nonlinear observer design for state and disturbance estimation. Systems & Control Letters, 
June, 2007, 730-735. 
[5]Zhongxu Han, Chunyu Gao, Xiaohong Qi and Dan Li. Analysis on a Type of Mathematical Model of Thermal Power Plant. 
Proceedings of the CSEE, December, 2006, 26(24): 125-130. 
Guolian Hou  
Guolian Hou received the M.Sc. degree in Power Engineering from Beijing 
Graduated School, North China Institute of Electric Power, China, in 1991 and the 
Ph.D. degree in control theory and control engineering from North China Electric 
Power University (NCEPU), China in 1997. She joined the staff of NCEPU in 1991. 
She is currently a Professor in the School of Control and Computer Engineering, 
NCEPU. Her research interests include system modeling, process control, advanced 
control techniques and its applications. 
 
